Sweet violet (Viola odorata L.) blooms in continental climate conditions in early spring (March-April) with delicate flowers of attractive scent because of which it is frequently gathered from its natural habitats. Differences among the populations were established according to their morphological properties of twelve populations from Križevci area. Stated information indicates that the populations gathered from meadow -habitat are shorter and have a smaller diameter than the populations gathered from the habitat in forest, whereas the population from the orchards has the highest number of leaves and flowers. Correlation analysis shows strong (P<0.01) positive connection of the root mass, leaves mass, number of leaves with the total mass of the plants, as well as connection of the plant mass with the number of flowers. Chemical analysis established agrochemical soil properties and nutrient concentrations in plants. Correlations between the examined properties of violets and soil properties indicate that the potassium concentration in the roots is in strong (P <0.01) correlation with potassium in the soil, whereas phosphorus concentration in flower is in a considerably strong (P<0.05) positive correlation with the phosphorus in the soil.
INTRODUCTION
Due to its specific position on the border of different climatic impacts Croatia is one of the most interesting European countries when it comes to its flora [21] . According to the information of State Directorate for Environmental Protection [14] , Croatia is the seventh country in broad European area by its large number of plant species. Objective indicators, taking into account the surface area, place Croatia with its vegetal abundance of 0.075 plant species per square kilometre in the third place in Europe [9] . Numerous wild growing species in wilderness are endangered, in a large part due to uncontrolled exploitation by humans. Commercial cultivation of wild growing horticultural plants represents one of the forms of "ex situ" protection of plant species [11] . Sweet violet (Viola odorata L.) grows wild in nature, in places exposed to sun, alongside hedges, river banks, on the edges of deciduous forests and in forest glades [23, 4] . It is wide-spread all across Croatia, along with the mentioned species, [5] lists further 19 species of the same genus. The Mediterranean is considered to be the sweet violet's original habitat [13] , and nowadays it ranges from the North of Europe to South Africa, Tierra del Fuego and Australia. Early studies [3] indicate that the soil for growing violets needs to be fresh, fertile, well cultivated and deeply treated during autumn or winter and fertilized with a sufficient amount of combusted manure. According to more recent data, the violet grows mostly on alkaline soils [1] , but it can also be found on acidic soils with low calcium concentration (pH 4.1 -7.8). Soils from natural habitats contain a significant amount of organic matter (5.8-10.86 %). Organic matter has a positive effect on plant growth because it contributes to the improvement of the physical, chemical and biological soil properties, mineralization of nutrients and therefore, on the plant growth itself [15] . Peat and compost based substrates gave the best results (the greatest height of plants, the greatest mass and leaf surface, the longest root) in cultivation of numerous plant species (lettuce, cucumbers, peppers, strawberries, forest plants), whereas substrates based on soil gave the weakest results [6, 22] . Violets are usually found on soils with less phosphorus and larger potassium content [15, 1] .
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Elemental analysis of the sweet violet plant material showed the presence of carbon, oxygen, sodium, magnesium, aluminum, silicon, chlorine, potassium, calcium and iron in different plant parts in varying concentrations [18] . [19] according to [18] , established high concentration of nitrogen and potassium in vegetative plant parts, whereas calcium accumulates in roots and phosphorus and sulphur in the flower. Potassium, magnesium and sulphur level are the highest at the end of the flowering season. Sweet violet contains odorous principle, blue colouring matter and sugar (glycoside). Viola-quercetine is found throughout the plant. Salicylic acid was also obtained from the plant [10] according to [18] . An alkaloid violine is found in roots, leaves, flowers and seeds. Essential oil contains ionone, saponins, glycoside, methyl salicylate, mucilage, A and C vitamins and alkaloids [12] according to [18] . The aim of this work is to study chemical composition of the soil in the sweet violet habitats on locations around Križevci and its impact on growth (height and diameter of the plant, number of leaves, and number of flowers during an intensive flowering period, mass of leaves, flowers and roots) as well as the chemical composition of the plant.
MATERIAL AND METHODS
In the spring of 2009 (from 2nd to 5th April), during the intensive flowering period of sweet violet, field studies and gathering of domestic populations were carried out. Twelve populations were gathered from habitats around Križevci (west part of continental Croatia) in order to determine their phenotypic diversity: Each location had two populations, and each population contained 10 individual plants on which the following properties were measured: height of the plant (mm), diameter of the plant (mm), number of leaves (n), number of flowers (n), mass of the whole plant (g), mass of leaves (g), mass of flowers (g) and root mass (g). The results are shown in Tables 2, 3 and 4. For wild growing populations, the obtained results were taken from the samples of 10 gathered individual plants. Descriptive statistics was carried out in order to obtain morphological characteristics. The following parameters were determined for each variable: arithmetic mean, minimum and maximum, and variation width. Soil and plant material analyses were carried out in the agrochemical laboratory of the Križevci College of agriculture (KCA). For the purpose of soil analyses samples from violet habitats were taken at depth of 20 cm, and the used methods are standard in analytical practice of Croatian agrochemical laboratories: pH soil reaction in water and 1M KCl solution, bichromate method for humus content analysis and Egner-RiehmDomingo method for establishing available phosphorus and potassium. A sample of the plant material was made up from the total mass of the above-ground plant and after measurements, dry matter was determined at 105 °C until constant weight, as well as phosphorus and potassium concentrations. Phosphorus was determined spectrophotometrically using a molybdate, whereas potassium was determined by flame photometry directly from the filtrates. Based on the data about morphological and chemical characteristics of sweet violet, as well as the chemical characteristics of the soil habitats, their correlation was determined by a Pearson's correlation coefficient [20] . 
RESULTS AND DISCUSSION
Results of descriptive statistical analysis of sweet violet populations are shown in Tables 2,3 and 4 . The shortest average plants were those of Vratno I and Kalnik I populations (7.30 cm), both gathered on a meadow ( Table  2 ). The tallest average plants were on Žabno II (12.60 cm) and Sokolovac I sites (11.00 cm) both gathered in the forest. Plants of the Križevci I population from a meadow and Potočec II orchard population (13.90 cm) had the highest average diameter. Based on the descriptive statistical parameters we can see that the measured morphological characteristics in the sweet violet populations are very different ( Table 3) . The most variable properties were recorded in Skolovac I population: mass of the whole plant (CV=103.63 %), mass of the flowers (CV=103.63 %), mass of the roots (CV=137.15 %), and the number of flowers (CV=110.31 %) table 4. It is presumed that variability of some analysed properties is the consequence of the environmental influence on the plant. It is also possible that the characteristics which show the greatest variability are the result of both habitat influence and genetic differences among populations. The data show that populations gathered from meadow habitats were shorter and had a lower diameter than the ones gathered from forest habitats. [7] describe the morphological variations between species Viola elatior, Viola pumila and Viola stagnina. The Viola elatior species (from 13 to 51 cm high) prevails in forest habitat, whereas Viola pumila (3.5 to 33 cm) and Viola stagnina (7 to 27 cm) prevail in meadow habitat. [16] state that Viola elatior is found in meadows overgrown by bushes and in forests.
The main reason of its poor presence in open spaces is its sensitivity to light. This shows that Viola species growing in forest habitat, due to poor light conditions are taller and have a higher diameter than the species growing in meadows. The results of our research are in line with these researchers. Renata ERHATIĆ, Marija VUKOBRATOVIĆ, Tomislava PEREMIN VOLF, Vesna ŽIDOVEC locations, also having the highest mass of leaves (Potočec II 5.64 g and Potočec I 4.41 g) and roots as well (Potočec II 1.78 g). Populations with the lowest plant mass were gathered in the meadow habitat of Križevci I (1.33 g) and Kalnik I (1.89 g). Plants from Križevci I location also had the lowest leaf mass (0.77 g) and root mass (0.28 g), whereas Vratno II population had the lowest flower mass. Žabno I (0.68 g) and Žabno II (0.67 g) populations gathered from forest habitat had the heaviest average flowers. Properties related to the number of leaves and flowers (table 4) indicate that there is a possibility to use sweet violet as certain paddy perennial for garden planting or its use as pot flower. It is desirable that these species grow in dense turfs, filled with leaves [25] . In this sense, Žabno II population from the forest habitat (24 leaves and 22 flowers) and Potočec II population from the orchard habitat (23 leaves and 19 flowers) would be the most desirable, since they had the largest number of leaves and flowers. Kalnik I population (meadow) and Križevci I population (park) had the smallest number of leaves (4) and flowers (2) . According to the research of [25] , Vratno population (near forester's station) in the open had the largest average number of flowers (2.75), whereas the Kalnik population in the greenhouse (28.80) and in the open (27.90) had the highest average number of leaves, almost identical. After measurements, samples of plant material and soil were taken from the plants' habitats for chemical analyses. As shown the nitrogen (Graph 2), phosphorus (Graph 3) and potassium (Graph 4) concentrations vary in populations and in plant parts. [8] implies that depending on the population, plant parts and the time of sampling there is a difference in the presence of phosphorus and potassium. They also state that the root of sweet violet is less supplied with phosphorus and potassium than the leaf. Our results are in accordance with the results of these researchers. In the research, the highest concentration of nitrogen in root (2.04 %), leaf (4.19 %) and flower (3.06 %) was measured at Potočec I population from the orchard, which was also morphologically characterized of having a higher average plant mass. Population with the lowest concentration of nitrogen in root (0.91 %) is Potočec II from the orchard as well, whereas the lowest nitrogen concentration in leaf (1.83 %) and flower (1.90 %) was measured at Sokolovac II population from the edge of forest (Graph 2). The highest phosphorus concentration in root (Graph 3) was measured at Potočec I population (0.37 %), whereas the highest concentration in leaf was established at Kalnik II population (1.03 %) from meadow, in flower at Žabno II (0.70 %) from forest. Žabno I and Sokolovac II (the edge of forest) populations had the lowest concentration of phosphorus in root (0.17 %), whereas Vratno I population (meadow) had the lowest phosphorus concentration in leaf (0.40 %), and Vratno II (forest) in flower (0.05 %). The highest concentration of potassium in root (0.96%) and leaf (1.86 %) was established in Potočec I population, and in flower (1.99 %) in Vratno II population. According to the data by [18] , the potassium level in all plant parts is the highest at the end of the flowering period (Graph 4). These figures are partly comparable to the results by [15] who analyzed chemical composition of the wild growing plants (Viola ssp., Hedera helix, Rubus ssp., Galium odoratum, Ruscus ssp., Salvia forskahler, Trachystemon orientalis) in forest. Nitrogen concentration in wild growing plants (2.00 -2.03 %) is similar to nitrogen concentration in violets (1.44 -2.84 %), while the phosphorus concentration is several times lower, and potassium level is higher. The wild growing plants contain 0.11 % of phosphorus and 6.05 % of potassium, and violets 0.45 % of phosphorus and 1.26 % of potassium. Results of soil analyses showed (Table 4) Humosity of all soils is good (4.00 -7.49 %). [15] show high content of organic matter (4.22 -13.24 %) in the top layer of the forest soil in violet habitat. [17] point out that the presence of organic matter is in positive correlation with enzymatic activity which favours the plant growth, whereas our research does not show any correlation between these two properties. [6, 24] point out that the restricting growth factor on soils with little Renata ERHATIĆ, Marija VUKOBRATOVIĆ, Tomislava PEREMIN VOLF, Vesna ŽIDOVEC Based on determined correlation coefficients the strength and direction of correlation between the most significant morphological properties of plants were established. Using simple correlation coefficients a significant correlation was established. Table 6 . shows that the mass of root, diameter of plant, mass of leaves and number of leaves are in positive correlation with the mass of the whole plant. A strong correlation was established between the mass of root and diameter of plant, as well as between the mass of plant and mass of flowers. There was a very strong correlation between the number of leaves, mass of plant and number of flowers, as well as the number of flowers and number of leaves, whereas a complete correlation was established between the mass of leaf and the mass of the whole plant.
Correlations between examined properties of violets and soil properties indicate that potassium concentration in plant root was in a strong positive correlation (0.76**) with potassium in the soil, whereas phosphorus concentration in the flower (P<0.05) was in significant positive correlation with phosphorus in the soil.
CONCLUSIONS
Soil analysis on all locations indicates that the soils are extremely heterogeneous in their reactions (pH 4.34 -7.03), well supplied with humus (3.52 -10. 86 %) and therefore suitable for cultivation of the sweet violet. Potočec locations show extremely high supply levels of physically active phosphorus and potassium in the soil, which also affected phosphorus and potassium concentrations in all plant parts of the populations. The lowest supply of the stated nutrients, both in plants and in the soil, is established at Žabno locations. Based on determined correlation coefficients, correlations between the examined properties of violets and soil properties are established, which indicates that the presence of each element in the soil affects the mineral composition of the plant. Moreover, a strong positive correlation (0.62 -0.98) is determined between the individual plant parts and the mass of the whole plant. Chemical analysis of the soil composition and its impact on the growth of violets could help in the selection of soil and substrates for cultivation of the sweet violet as horticultural, medicinal or edible plant. Cultivation of this species on family farms would reduce devastation of self-growing populations in their natural habitats, and at the same time the production of the plant as edible and
